In preclinical safety assessment of drugs and chemicals, animal studies are conducted. The results of histological examination are assessed from such viewpoints as dosedependency, histological peculiarity, correspondence to age and disclosed information concerning toxicity of the test compound. For neoplastic changes, historical control data are quite helpful in evaluating the results of studies; however, most published data have been collected from aged animals [1] [2] [3] [4] [5] [6] . Therefore, it is sometimes difficult to make a decision about whether or not the lesions, especially proliferative ones, are compound-related when they are observed only in a high dose group with a low incidence in short-term toxicity studies.
Introduction
In preclinical safety assessment of drugs and chemicals, animal studies are conducted. The results of histological examination are assessed from such viewpoints as dosedependency, histological peculiarity, correspondence to age and disclosed information concerning toxicity of the test compound. For neoplastic changes, historical control data are quite helpful in evaluating the results of studies; however, most published data have been collected from aged animals [1] [2] [3] [4] [5] [6] . Therefore, it is sometimes difficult to make a decision about whether or not the lesions, especially proliferative ones, are compound-related when they are observed only in a high dose group with a low incidence in short-term toxicity studies.
Sprague-Dawley rats have been universally used in short-term toxicity studies, and they also have been the most frequently used experimental animals in our laboratory. There are several reports of general profiles of the occurrence of spontaneous tumors in aged Sprague-Dawley rats [1] [2] [3] [4] [5] , whereas the data available for younger Sprague-Dawley rats are limited 7 . The situation is similar for other rat strains. It has recently been reported that the most common early tumor in both sexes of Han Wistar rats was malignant lymphoma 8 .
Son et al. investigated the early occurrence of spontaneous tumors in Sprague-Dawley rats that died in the course of long-term carcinogenicity studies and revealed that the most common tumor in young Sprague-Dawley rats was adenoma of the pituitary gland, followed by mammary fibroadenoma and adenocarcinoma 7 . Their results are comparable to our data and are very useful in interpreting data recorded in short-term studies. However, the data from long-term studies do not always supply enough information for short-term studies, since most internal tumors are undetectable without necropsy.
To clarify which kinds of spontaneous neoplastic lesions occur first in Sprague-Dawley rats, we surveyed our historical data from 4-, 13-and 26-week toxicity studies conducted at Bozo Research Center Inc. in the last decade.
Materials and Methods
Data were obtained from Sprague-Dawley rats in the control groups in 4-(782 males and 770 females), 13-(857 males and 878 females) and 26-week toxicity studies (842 males and 874 females) conducted at Bozo Research Center Inc. from 2000 to 2009, in which chemicals were given by various routes such as the oral, intravenous, sub-cutaneous and dermal routes. The rats were obtained from Charles River Laboratories (Kanagawa and Shiga, Japan), and housed individually in an environmentally controlled animal room (temperature of 23 ± 3 °C, relative humidity of 55 ± 20% and 12 h/12 h light/dark cycle) and fed a commercial diet (CRF-1 and CR-LPF, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water ad libitum during the examination period.
The animals started the studies at 6 weeks of age and were euthanized under ether anesthesia at 10, 19 or 32 weeks of age after a 4-, 13-or 26-week treatment, respectively. At necropsy, whole organs were subjected to a careful gross examination, and all abnormal findings were recorded. For nodular lesions suggesting neoplastic changes, the size, number and topographic information were also recorded. After necropsy, the brain, spinal cord, sciatic nerves, eyeballs, Harderian glands, pituitary, thyroids, parathyroids, adrenals, thymus, spleen, submandibular lymph nodes, mesenteric lymph nodes, heart, thoracic aorta, trachea, lungs (including bronchus), tongue, esophagus, stomach, duodenum, jejunum, ileum, cecum, colon, rectum, submandibular glands, sublingual glands, liver, pancreas, kidneys, urinary bladder, testes, epididymides, prostate, seminal vesicles, ovaries, uterus, vagina, mammary glands (inguinal), sternum (including bone marrow), femurs (including knee joint and bone marrow), femoral muscles, skin (inguinal) and other gross lesions were removed. The tissues excluding the eyes, optic nerve and testes were preserved in 10% phosphate-buffered formalin. The eyes and optic nerves were fixed in phosphate buffered 3% glutaraldehyde/2.5% formalin or Davidson's fluid, and the testes were fixed in Bouin's solution. After fixation, the tissues were embedded in paraffin, sectioned and stained with hematoxylin and eosin (H.E.). All studies for this survey were conducted in accordance with the Guide for Animal Experimentation of Bozo Research Center Inc. Data from dead animals was excluded from this survey because no neoplasms were seen.
Results
Occurrence of tumors in rats at 10 weeks of age (Table 1) No neoplastic lesions were seen in any animals. (Table 1) The tumors first identified occurred in 3 males and 3 females at 19 weeks of age. None of these tumor-bearing animals showed a moribund state. In males, follicular adenocarcinoma of the thyroids, basal cell tumor of the skin and malignant lymphoma were observed, and the incidence was 0.1% for each tumor. In females, anterior adenoma of the pituitary, C cell adenoma of the thyroids and nephroblastoma in the kidneys were observed, and the incidence was 0.1% for each tumor. The incidence of tumor-bearing rats was 0.4% for males and 0.3% for females.
Occurrence of tumors in rats at 19 weeks of age

Occurrence of tumors in rats at 32 weeks of age (Table 1)
In 32-week-old animals, 6 males and 13 females had tumors. None of these tumor-bearing animals showed a moribund state. In males, the tumors observed first at 32 weeks of age were anterior adenoma of the pituitary, hemangiosarcoma in the tongue, adenocarcinoma in the submandibular glands, histiocytic sarcoma in the spleen, oligodendroglioma in the brain and adenocarcinoma in the mammary glands, and the incidence was 0.1% for each tumor. In females, the tumors observed first at 32 weeks of age were oligodendro- Numbers in parentheses indicate incidence (%). a The combined tumor incidence was 0.9%.
glioma in the brain and adenocarcinoma and fibroadenoma of the mammary glands, and the incidence was 0.2, 0.7 and 0.2%, respectively. The female mammary gland was the organ that showed the highest tumor incidence (overall incidence = 0.9%), and mammary adenocarcinoma was the spontaneous tumor showing the highest incidence (0.7%).
As compared with the 19-week-old females, the incidence of pituitary anterior adenoma was slightly elevated in the 32-week-old animals. In addition, the incidence of tumorbearing rats was slightly increased in both sexes.
Macroscopic lesions related to tumors found in rats (Table 2)
In both the 19-and 32-week-old animals, many types of tumors, except for C-cell adenoma and oligodendroglioma, were identified macroscopically by nodule formation, enlargement and discolored focus. Specifically, 52% of the tumor-bearing cases (25 cases) could be judged to have a tumor macroscopically; in other words, about half the cases were first found by microscopic examination.
Discussion
In the present study, we surveyed a total of 2481 male and 2522 female Sprague-Dawley rats from 10 to 32 weeks of age. In males, follicular adenocarcinoma of the thyroids, basal cell tumor of the skin and malignant lymphoma were identified at 19 weeks of age, and anterior adenoma in the pituitary, hemangiosarcoma in the tongue, adenocarcinoma in the submandibular glands, histiocytic sarcoma in the spleen, oligodendroglioma in the brain and adenocarcinoma in the mammary glands were first observed at 32 weeks of age. Thus, the variety of tumors tended to increase with age, but each tumor was observed only in one animal. These results suggest that the occurrence of such tumors in males of this age may not be age related. On the other hand, in females, anterior adenoma in the pituitary, C cell adenoma in the thyroids and nephroblastoma in the kidneys were identified at 19 weeks of age, and oligodendroglioma in the brain and adenocarcinoma and fibroadenoma of the mammary glands were first observed at 32 weeks of age. At 32 weeks of age, mammary tumors including fibroadenoma and adenocarcinoma developed in several animals, and the incidence of pituitary anterior adenoma was slightly higher than that at 19 weeks of age. These data suggest that the occurrence of mammary and pituitary tumors in females may be age related, since it is well known that such tumors spontaneously occur at a high incidence in aged rats of this strain [1] [2] [3] [4] [5] .
As mentioned in the introduction, Son et al. investigated tumors that occurred in all dead animals during the first 50 weeks of carcinogenicity studies in order to determine the profile of tumor occurrence in young Sprague-Dawley rats 7 . The data obtained from the dead animals are unsuitable for direct comparison with our data from the viewpoint of tumor incidence, because our data were based on animals euthanized as scheduled after a certain period, and their data was for animals that died at several time points during experiments. Although there was a difference in study design, both our results and those of Son et al. 7 demonstrated that mammary and pituitary tumors were relatively com-39 Useful information on tumor incidence obtained from short-term studies is limited in every rat strain. In Han Wistar rats, it was recently reported that no tumors were found in short-term studies, including 2-, 4-, 13-and 26-week studies, using a total of 895 males and 895 females 8 . This report shows that tumor occurrence in Han Wistar rats is lower than that in Sprague-Dawley rats at a young age. Such a strain difference in the occurrence of spontaneous tumors between young Han Wistar and Sprague-Dawley rats could also apply to the aged rats of these two strains.
It is interesting that the incidence of oligodendroglioma was relatively high in animals at 32 weeks of age because this type of tumor is thought to rarely occur, even in aged rats. Specifically, the incidence of oligodendroglioma was 0% in our historical control data for long-term studies using Sprague-Dawley rats from 2003 to 2007, and it was also reported to be 0% or nearly 0% in past studies making use of other historical data [1] [2] [3] [4] [5] . Three cases of oligodendroglioma were detected in one rat each purchased in 2004, 2005 and 2007 from the same breeding site. Therefore, whether or not a genetic factor influenced the occurrence of this tumor is unclear.
Adenocarcinoma of the salivary glands, a very rare tumor even in aged rats 2, 4 , was seen in one 32-week-old male rat, indicating the difficulty of showing an age-related tendency in the occurrence of very rare tumors.
To evaluate the microscopic findings in toxicity studies correctly, careful reference to historical control data is very important. In this regard, the present study will be useful in evaluating whether a tumor is incidental or not when an unexpected tumor is found in young rats. However, we should take notice of the fact that tumor development is affected by various factors such as diet, husbandry, environmental conditions, housing style and source of animals.
In conclusion, the present study suggests that spontaneous mammary and pituitary tumors that are commonly observed in aged female rats begin to develop at or before 32 weeks of age and that tumors unrelated to age may sporadically occur in various tissues.
